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( 57 ) ABSTRACT 
( 58 ) 

In one aspect , a method includes migrating a database object 
from a source database to a target database , updating a 
storage of the location of the DB object to be the target 
database , directly accessing one of the target database and 
the source database during the migrating and executing , 
during the migrating , a database command by retrieving the 
DB object from the other one of the target database and the 
source database . 
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DATABASE MIGRATION saves the user time and money , and allows the user to focus 
on the application without concern about management , 

BACKGROUND scalability and so forth . However , this benefit does come 
with a disadvantage . In particular , by not having access to 

A cloud data base typically runs on a cloud computing 5 the host of the DB and to the administrative tools available 
platform . A cloud database may be formed using a Database for the administrator , the user is not provided a way to do a 
as a Service ( DBaaS ) . The DBaaS is a cloud computing DB migration , much less online DB migration . 
service model that provides users with some form of access Some regular DBs provide online migration tools , and it 
to a database ( DB ) without the need for setting up physical is also possible to do such migration on the VM machine , but 
hardware , installing software or configuring for perfor - 10 when using DBaaS , these capabilities are not applicable . 
mance . DBaaS allows for DB connectivity without dealing Thus , the user cannot migrate to a different cloud provider , 
with the DB management . The cloud database may also be and is sometimes forced to live with an inferior and more 
generated by being installed on a virtual machine ( VM ) expensive database service . Cloud providers are not moti 

located in the cloud and requires that a user manage the vated to provide database migration tools to allow a cus 
database . 15 tomer to move away from their DBaaS . Described herein are 

techniques to allow a user to migrate a DB from one 
SUMMARY database service ( e . g . , DBaaS ) to another database service 

( e . g . , DBaaS ) . 
In one aspect , a method includes migrating a database Referring to FIG . 1 , a system 100 is an example of a 

object from a source database to a target database , updating 20 system to migrate a database from one database service to 
a storage of the location of the DB object to be the target another database service . In one example , the migration is 
database , directly accessing one of the target database and from a first database service from a first cloud provider to a 
the source database during the migrating and executing , second database service from a second cloud provider . In 
during the migrating , a database command by retrieving the other examples , the migration may be between databases 
DB object from the other one of the target database and the 25 services provided by the same cloud provider . 
source database . System 100 includes a host 102 , a first database service 

In another aspect , an apparatus includes electronic hard 104a ( e . g . , DBaaS ) , and a second database service 1046 
ware circuitry configured to migrate a database object from ( e . g . , DBaaS ) . The host 102 includes an application 110 and 
a source database to a target database , update a storage of the an abstraction layer 118 ( e . g . , a database connectivity 
location of the DB object to be the target database , directly 30 abstraction layer ) that includes a migration module 120 . The 
access one of the target database and the source database first database service 104a includes a source database ser 
during the migrating and execute , during the migrating , a vice 136a and the second database 104b includes a target 
database command by retrieving the DB object from the database 136b . Before database migration the source data 
other one of the target database and the source database . base 136a has the database information ( e . g . , database 

In a further aspect , an article includes a non - transitory 35 objects ) and none of the source database 136a has trans 
computer - readable medium that stores computer - executable ferred to target database 136b . After database migration , the 
instructions . The instructions cause a machine to migrate a target database 136 has the data information and there is no 
database object from a source database to a target database , data left at source database 136a . During database migration 
update a storage of the location of the DB object to be the there is some data on the source database 136a and the target 
target database , directly access one of the target database and 40 database 136b . 
the source database during the migrating and execute , during The migration module 120 includes DB object location 
the migrating , a database command by retrieving the DB storage 140 that records where DB objects are located ( e . g . , 
object from the other one of the target database and the either the source database 136a or the target database 136b ) . 
source database . A communications link 150 ties the source database 136a 

45 to the target database 136b . As will be further described 
BRIEF DESCRIPTION OF THE DRAWINGS herein either the source database 136a is accessed directly 

by the abstraction layer 118 or the target database 136b is 
FIG . 1 is a block diagram of an example of a system to accessed directly by the abstraction layer 118 . However , in 

migrate a DB from one database service to another database either case , during migration , data may be required to be 
service , according to an embodiment of the disclosure . 50 accessed from both locations . The communication link 150 

FIG . 2 is a flowchart of an example of a process to migrate is used to ensure access of the data required regardless of 
a DB from one database service to another database service , where it is located and regardless of what database ( source 
according to an embodiment of the disclosure . or target ) is accessed directly . 

FIG . 3 is a flowchart of an example of a process to use a As will be further described herein the migration module 
target database after the process in FIG . 2 has initiated , 55 120 intercepts messages ( e . g . , database commands using 
according to an embodiment of the disclosure . SQL , for example ) from the application 110 . The application 

FIG . 4 is a flowchart of an example of a process to move 110 does not know that the migration module 120 is actually 
a single table from one database service to another database sending the messages to either a source database 136a or a 
service , according to an embodiment of the disclosure . target database 136b depending on the database migration . 

FIG . 5 is a block diagram of an example of a computer on 60 Referring to FIG . 2 , a process 200 is an example of a 
which any portion of the process of FIGS . 2 to 4 may be process to migrate a DB from one database service to 
implemented , according to an embodiment of the disclosure . another database service . Process 200 forms a communica 

tions link in the source database ( 202 ) . For example , the 
DETAILED DESCRIPTION migration module 120 establishes a communication link 

65 with the source database 136a . 
In one example , a benefit of using database as a service Process 200 moves DB objects from the source database 

( DBaaS ) is automated database ( DB ) administration , which to the target database ( 206 ) . For example , the migration 



US 10 , 409 , 787 B1 

module 120 moves database objects from the source data that either the target database 136b or the source database 
base 136a to the target database 136b . In one example , a DB 136a may be accessed depending on where the DB objects 
object is a table . In another example , the DB object is a are for a particular command ( e . g . , join command ) . For 
character large object ( CLOB ) . example , if all or a majority of the DB objects are at the 

Process 200 records the location of the DB objects at 5 target database , then the target database is accessed . 
target database ( 210 ) . For example , for each DB object that Referring to FIG . 4 , a process 400 is an example of a 
has been moved to the target database 136b , the migration process to move a single table from one database service to 
module 120 records in the DB object location storage 140 another database service . In particular , process 400 main 
that the DB object is now in the target database 136b . Thus , tains data consistency but there is no downtime for the user 
when the application 110 sends a database command that 10 waiting for the migration of the database to be completed . 
relates to a DB object on the target database 136b , the Process 400 moves records of a table from a source 
migration module 120 , after checking the DB object location database to a target database ( 404 ) . For example , the migra 
storage 140 , routes the database command to the target tion module 120 move the records from of a table from the 
database 136b . Furthermore , when an application 110 views source database 136a to the target database 136 . 
from the source database 136a a DB object that has already 15 Process 400 keeps updates aside ( 406 ) . For example , the 
been migrated a pointer will be used to point to the target migration module 120 keeps updates ( e . g . , changes ) to the 
database 136b to view the DB object . records and they are not applied to the table at the target 

Referring to FIG . 3 , a process 300 is an example of a database 136b . In one example , the updates are kept at the 
process to use a target database after the process 200 has source database 136a in parallel . 
initiated . For example , process 300 is started after a majority 20 Process 400 move records that have changed ( 412 ) . For 
of the DB object have transferred from the source database example , the records that have changed are moved to the 
136a to the target database 136b . While the process 300 is target database 136b . 
an example of directly accessing the target database 1366 Process 400 keeps new updates aside ( 418 ) . For example , 
after process 200 has initiated , one of ordinary skill in the art processing block 418 is the same as processing block 422 . 
would recognize that the techniques of process 300 may be 25 Process 400 determines if the number of new updates is 
applied to the example of accessing the source database smaller than a threshold number ( 422 ) . If the number of new 
136a directly until after the migration is complete . updates is smaller than a threshold number , then process 400 

Process 300 generates a communications link in the target stops writes to the table ( 424 ) , move the records that have 
database ( 303 ) . For example , the communications link 150 changed ( 426 ) and resumes writes to the table ( 428 ) . 
is established between the source database 136a and the 30 If the number of new updates is not smaller than a 
target database 136b . Process 300 moves DB objects to the threshold number , then process 400 repeats processing 
target database ( 310 ) and records the DB object now at the blocks 412 , 418 and 422 . 
target database ( 318 ) . For example , for each DB object that In other examples , process 400 may be replaced with a 
has been moved to the target database 136b , the migration process that will stop writes to the table . For example , the 
module 120 records in the DB object location storage 140 35 migration module 120 , which intercepts command messages 
that the DB object is now in the target database 136b . Thus , ( e . g . , SQLs ) , parses the command messages to identify 
when the application 110 sends a database command that which tables are being written to and holds these command 
relates to a DB object on the target database 136b , the messages from writing to a table being migrated until the 
migration module 120 , after checking the DB object location migration of the table has completed . 
storage 140 , routes the database command to the target 40 Referring to FIG . 5 , in one example , a migration module 
database 136b . 120 is a migration module 120 ' . The migration module 120 

Process 300 establishes remote access to enable access to includes a processor 502 , a volatile memory 504 , a non 
DB objects at the source database ( 320 ) . For example , if volatile memory 506 ( e . g . , hard disk ) and the user interface 
directly accessing the target base 136b some DB objects may ( UI ) 508 ( e . g . , a graphical user interface , a mouse , a key 
not have migrated to the target database 136b yet . Remote 45 board , a display , touch screen and so forth ) . The non - volatile 
access is used to access the source database through the memory 506 stores computer instructions 512 , an operating 
communications link to access objects at the source data system 516 and data 518 . In one example , the computer 
base . In one particular example , relational databases use instructions 512 are executed by the processor 502 out of 
SQL commands , which may use a join command , for volatile memory 504 to perform all or part of the processes 
example , that involves multiple database tables . That is , the 50 described herein ( e . g . , processes 200 , 300 and 400 ) . 
SQL command may include more than one DB object and The processes described herein ( e . g . , process processes 
each DB needs to be directed to the database that includes 200 , 300 and 400 ) are not limited to use with the hardware 
the DB object . For example , an SQL command will arrive and software of FIG . 5 ; they may find applicability in any 
that needs access to tables from the source database 136a computing or processing environment and with any type of 
and the target database 136b . In one example , an SQL 55 machine or set of machines that is capable of running a 
synonym command is used to establish remote access to DB computer program . The processes described herein may be 
objects at the source database . In one particular example , an implemented in hardware , software , or a combination of the 
Emp ( employee ) table may be in the source database 136a two . The processes described herein may be implemented in 
and Dept ( department ) table may be in the target database . computer programs executed on programmable computers / 
Then a synonym command is generated such as a command : 60 machines that each includes a processor , a non - transitory 
synonym to emp using the communications link 150 from machine - readable medium or other article of manufacture 
the target database 136b to the source database 136a . In one that is readable by the processor ( including volatile and 
particular example , process 300 may be modified so that non - volatile memory and / or storage elements ) , at least one 
either the target database or the source database may be input device , and one or more output devices . Program code 
accessed directly depending on how many DB objects have 65 may be applied to data entered using an input device to 
been migrated using the DB object location storage 140 . In perform any of the processes described herein and to gen 
another particular example , process 300 may be modified so erate output information . 
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The system may be implemented , at least in part , via a for each of the DB objects , updating , at the host computer , 
computer program product , ( e . g . , in a non - transitory a storage of the location of the corresponding DB 
machine - readable storage medium such as , for example , a object to be the target database , the location stored in a 
non - transitory computer - readable medium ) , for execution table ; 
by , or to control the operation of , data processing apparatus 5 intercepting a database command , by the abstraction layer 
( e . g . , a programmable processor , a computer , or multiple from an application of the host computer , the abstrac 
computers ) ) . Each such program may be implemented in a tion layer transparent to the application ; 

high level procedural or object - oriented programming lan identifying , from the table , in which of the source data 
base and the target database a corresponding DB object guage to communicate with a computer system . However , subject to the database command resides ; the programs may be implemented in assembly or machine directly accessing one of the target database and the language . The language may be a compiled or an interpreted source database in which the DB object subject to the language and it may be deployed in any form , including as database command resides ; and a stand - alone program or as a module , component , subrou executing the database command by retrieving the DB tine , or other unit suitable for use in a computing environ - 15 . object from the one of the target database and the 

ment . A computer program may be deployed to be executed source database . on one computer or on multiple computers at one site or 2 . The method of claim 1 , wherein at least one of the DB 
distributed across multiple sites and interconnected by a objects is a table , the migrating further comprising : 
communication network . A computer program may be moving records of the table from the source database to 
stored on a non - transitory machine - readable medium that is 20 the target database ; and 
readable by a general or special purpose programmable after moving the records , moving records that have 
computer for configuring and operating the computer when changed to the target database . 
the non - transitory machine - readable medium is read by the 3 . The method of claim 2 , further comprising keeping the 
computer to perform the processes described herein . For records that have changed aside until the records of the table 
example , the processes described herein may also be imple - 25 have moved to the target database . 
mented as a non - transitory machine - readable storage 4 . The method of claim 2 , further comprising stopping 
medium , configured with a computer program , where upon write operations to the table , if a number of record changes write operations to the tab 
execution , instructions in the computer program cause the is smaller than a threshold number . 

5 . The method of claim 1 , wherein at least one of the computer to operate in accordance with the processes . A 
non - transitory machine - readable medium may include but is 30 it is 30 database objects is a table , the migrating further comprising 
not limited to a hard drive , compact disc , flash memory , stopping write operations to a first table of the database 

until after the first table has been migrated by parsing non - volatile memory , volatile memory , magnetic diskette writes to the first table . and so forth but does not include a transitory signal per se . 6 . The method of claim 1 , further comprising : 
The processes described herein are not limited to the 28 upon determining , by the host computer , the DB object 

specific examples described . For example , the processes has already been migrated from the source database to 200 , 300 and 400 are not limited to the specific processing the target database , applying a pointer with respect to 
order of FIGS . 2 to 4 , respectively . Rather , any of the the DB object , to point to the target database . 
processing blocks of FIGS . 2 to 4 may be re - ordered , 7 . The method of claim 1 , wherein the database command 
combined or removed , performed in parallel or in serial , as 40 is a command to access multiple DB objects , the method 
necessary , to achieve the results set forth above . further comprising : 

The processing blocks ( for example , in the processes 200 , identifying from the table , locations in which the multiple 
300 and 400 ) associated with implementing the system may DB objects are stored ; 
be performed by one or more programmable processors determining from the table which of the source database 
executing one or more computer programs to perform the 45 and the target database stores a majority of the multiple 
functions of the system . All or part of the system may be DB objects ; 
implemented as , special purpose logic circuitry ( e . g . , an directly accessing the one of the source database and the 
FPGA ( field - programmable gate array ) and / or an ASIC target database determined to store the majority of the ( application - specific integrated circuit ) ) . All or part of the multiple DB objects ; and 
system may be implemented using electronic hardware 50 remotely connecting , via the abstraction layer through one 
circuitry that include electronic devices such as , for of the source database and the target database deter 
example , at least one of a processor , a memory , a program mined to store the majority , to the other one of the 
mable logic device or a logic gate . source database and the target database to access 

Elements of different embodiments described herein may remaining ones of the multiple DB objects . 
be combined to form other embodiments not specifically set 55 8 . The method of claim 1 . wherein the source database 
forth above . Other embodiments not specifically described resides at a first cloud database service provider and the 
herein are also within the scope of the following claims . target database resides at a second cloud database service 

provider . 
What is claimed is : 9 . The method of claim 8 , wherein the host computer 
1 . A method for migrating a source database to a target 60 receives database - as - a - service ( DBaaS ) services from the 

database , the method comprising : first and second cloud database service providers . 
establishing a communication link , via an abstraction 10 . An apparatus for migrating a source database to a 

layer of a host computer , between the source database target database , the apparatus comprising : 
and the target database ; electronic hardware circuitry configured to : 

migrating , via the abstraction layer , database ( DB ) objects 65 establish a communication link , via an abstraction layer 
from the source database to the target database , wherein of a host computer , between the source database and 
during the migrating the method further comprises : the target database ; 
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migrate , via the abstraction layer , database ( DB ) a non - transitory computer - readable medium that stores 
objects from the source database to the target data computer - executable instructions , the instructions 
base , wherein during migration the electronic hard causing a machine to : 
ware circuitry is further configured to : establish a communication link , via an abstraction layer 

for each of the DB objects , update , at the host com - 5 of a host computer , between the source database and 
the target database ; puter , a storage of the location of the corresponding migrate , via the abstraction layer , a database ( DB ) 

DB object to be the target database , the location object from the source database to the target data 
stored in a table ; base , wherein during migration the instructions fur 

intercept a database command , by the abstraction layer ther cause the machine to : 
from an application of the host computer , the 10 for each of the DB objects , update , at the host com 
abstraction layer transparent to the application ; puter , a storage of the location of the corresponding 

identify , from the table , in which of the source database DB object to be the target database , the location 
and the target database a corresponding DB object stored in a table ; 
subject to the database command resides ; intercept a database command , by the abstraction layer 

directly access one of the target database and the source from an application of the host computer , the 
abstraction layer transparent to the application ; database in which the DB object subject to the identify , from the table , in which of the source database 

database command resides ; and and the target database a corresponding DB object 
execute the database command by retrieving the DB subject to the database command resides ; 

object from the one of the target database and the 20 directly access one of the target database and the source 
source database . database in which the DB object subject to the 

11 . The apparatus of claim 10 , wherein the circuitry database command resides ; and 
comprises at least one of a processor , a memory , a program execute the database command by retrieving the DB 
mable logic device or a logic gate . object from the other one of the target database and 

12 . The apparatus of claim 10 , wherein at least one of the 25 the source database . 
DB objects is a table , the migrating further comprising : 17 . The article of claim 16 , wherein at least one of the DB 
moving records of the table from the source database to objects is a table , the migrating further comprising : 

moving records of the table from the source database to the target database ; and the target database ; and after moving the records , moving records that have 
changed to the target database . 30 after moving the records , moving records that have 

13 . The apparatus of claim 12 , further comprising cir changed to the target database . 
18 . The article of claim cuitry configured to keep the records that have changed 17 , further comprising instruc 

aside until the records of the table have moved to the target tions causing the machine to keep the records that have 

database . changed aside until the records of the table have moved to 
14 . The apparatus of claim 12 , further comprising cir - 35 the target database . 

cuitry configured to stop write operations to the table , if a 19 . The article of claim 17 , further comprising instruc 
number of record changes is smaller than a threshold num tions causing the machine to stop write operations to the 

table , if a number of record changes is smaller than a ber . 
15 . The apparatus of claim 10 , wherein at least one of the threshold number . 

database objects is a table , the migrating further comprising : 40 . 40 20 . The article of claim 16 , wherein at least one of the 
database objects is a table , the migrating further comprising : stopping write operations to a first table of the database 

until after the first table has been migrated by parsing stopping write operations to a first table of the database 
writes to the first table . until after the first table has been migrated by parsing 

16 . An article for migrating a source database to a target writes to the first table . 
database , the article comprising : * * * * * 
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